Supplementary Methods
100 U/ml penicillin and 100 μg/ml streptomycin (Life Technologies, Germany). Cells were maintained in a humidified atmosphere containing 5% CO 2 at 37°C.
Plasmid generation and mutagenesis miRNA precursors were amplified from genomic DNA and cloned in the pEP-miR vector (Cell Biolabs, Germany) via BamHI and NheI restriction sites. Site-specific mutagenesis was performed using the QuikChange® Lightning Site-Directed Mutagenesis Kit (Stratagene, Germany) following manufacturer's instructions. Plasmids were purified using the PureLink® HiPure Plasmid Filter Midiprep Kit (Life Technologies, Germany) and inserted sequences verified by Sanger sequencing (GATC Biotech, Germany). All primers used for cloning purposes are listed in Supplementary Table 4 .
Transfection of cell lines
Transfections for In-Cell Western (ICW) experiments were carried out seeding cells at 80% density onto Poly-L-Lysine (Sigma, Germany) coated 96-well plates one day prior to transfection. pEP-miR wild-type or mutated vectors with or without mirVANA inhibitors (Life Technologies, Germany) were co-transfected using polyethylenimine (PEI), as follows. A PEI (μl) to plasmid DNA ratio (μg) of 3:1 was used to transfect cells in 96-well plates, according to general protocols. Briefly, PEI was diluted in OptiMem (Life Technologies, Germany) and incubated for 5 min at room temperature. A total of 150 ng of pEP-miR vectors, 50 ng of a GFP-expressing vector and 50-150 pmol of mirVANA inhibitors were diluted in OptiMem and then combined with the diluted PEI. Mixture was incubated for 30 min at room temperature and then added to each well containing cells and medium. Plates were then incubated for 8h followed by a medium change. Cells were further incubated at 37°C and 5% CO 2 for 48h until analysis.
Production of stable cell lines.
T84 cells were seeded onto 6-well plates. One day post-seeding cells were transduced with lentivirus expressing the miRNA constructs. Three days post-transduction, new lentiviruses were added to cells.
Three days post-second transduction media was removed and replaced with media containing 10ug/mL puromycin. Cells were selected until all control cells had died. Media was then replaced with normal culture media and cells were grown to confluency.
Polarization of T84 cells on transwell inserts.
1.2x10
5 T84 cells were seeded on polycarbonate transwell inserts (Corning, polycarbonate, 3.0uM) in DMEM/F12 medium. Medium was replaced 24h post-seeding and every two days subsequently. The trans-epithelial electrical resistance (TEER) was tested as indicated with EVOM 2 apparatus (World Precision Instrument). When the TEER reached 1000 Ohm/cm 2 , the T84 cells were considered polarized. Polarization was controlled by immunostaining of the tight junction protein ZO-1 (see indirect immunofluorescense assay).
Indirect Immunofluorescence Assay.
Cells were fixed in 2% paraformaldehyde (PFA) for 20mins at room temperature (RT). Cells were washed and permeabilized in 0.5% Triton-X for 15 mins at RT. Primary antibodies were diluted in phosphate-buffered saline (PBS) and incubated for 1h at RT. Membranes were washed in 1X PBS three times and incubated with secondary antibodies for 45mins at RT. Membranes were washed in 1X PBS three times and mounted on slides with ProLong Gold DAPI (Molecular Probes). Cells were imaged by epifluorescence on a Nikon Eclipse Ti-S (Nikon) or by confocal tile scans on a Zeiss LSM 780 (Zeiss).
In-cell Western analysis
Forty-eight hours after transfection, cells were washed once with PBS and immediately fixed with 4%
PFA for 15 min. Afterwards, cells were washed three times and permeabilised with 0.1% Triton X-100
(5 min/wash) and subsequently blocked with Odyssey® Blocking Buffer (LI-COR® Biotechnology, Germany). Incubation with 1:300 diluted primary antibodies (supplementary table 3) was carried out in Odyssey® Blocking Buffer followed by another three wash cycles with PBS. Then, cells were incubated with secondary antibody (supplementary table 3 ) protected from light, washed three times with PBS, scanned with a LICOR® Odyssey Infrared Imaging System and analysed by the Image Studio v4.0 software, provided by the manufacturer.
Statistical Analysis of miRNA profiling data
Analysis of raw data was done using R version 2.15.2 (R Development Core Team).
The R package AgiMicroRNA [3] was applied to raw data from Agilent miRNA microarrays using RMA normalization. AgiMicroRNA was specifically developed for data pre-processing of Agilent microRNA microarrays in order to take advantage of the probe replication in the Agilent microRNA arrays and demonstrated to be equal quantile normalization and even superior in terms of variability reduction at low signal intensities. [4] On the other hand, raw nCounter data were normalized with R package NanoStringNorm [5] using variance stabilizing normalization (VSN) that allows for better precision for genes with low expression where variance is generally greater [6] which was therefore preferable in our data set. In a comparison of normalization methods [7] , VSN was among the methods that produced smallest mean square error (due to smallest variance and smallest bias), showed high correlation to qPCR results, and performed comparable to quantile and lowess normalization when differential expression was analyzed.
To select miRNAs exhibiting variation among the analysed samples, the Median Average Deviation (MAD) of each miRNA was calculated. The miRNAs associated with the highest 5% of all MAD values were used for further analysis. After separating the data samples into the respective groups for comparison, the Wilcoxon two-sided rank test was applied to select those miRNAs which corresponding data had P-values below a threshold of 0.05. Adjusted P-values were calculated to correct for multiple hypothesis testing using the method of Benjamini and Hochberg.
[8]
Statistical Analysis of RNAseq Data
An average of 29 ± 7.9 millions reads were produced for each sample, in accordance with standard requirements for minimal sequencing coverage. [9, 10] The sequencing reads were mapped to a total of 15,000 genes using the ENSEMBL/GRCh37 Homo sapiens reference genome obtained from the iGenomes project page in July 2013 (https://ccb.jhu.edu/software/tophat/igenomes.shtml) using tophat2 [11] with default options. Gene level count tables were obtained using the count script of the HTSeq python library.
[12] The alignment quality statistics were obtained from the tophat2 output. Only uniquely aligned reads unambiguously mapped to exons of annotated genes having an alignment score of greater than 10 were considered for differential expression analysis. Gene level count tables were obtained using the count script of the HTSeq python library [12] with default options. The differential expression analysis was then performed using the Bioconductor package DESeq2, [13, 14] which is based on the negative binomial distribution. Size-factor based normalisation and dispersion estimation was performed using the package defaults. For the differential expression analysis, independent filtering [13] was performed by only including genes showing a mean expression across samples of greater than 5 normalised counts. Raw P-values as returned by DESeq2 were used as input to fdrtool [15] in order to compute q-values. Genes with a q-value (=FDR)<0.05 were considered as significantly differentially expressed.
Ingenuity Pathway Analysis
mRNA and miRNA core analysis The list of miRNAs or genes obtained in profiling experiments was overlaid onto a global molecular network developed from information contained in the IPA knowledge base (IPKB). For network analysis, IPA computed a score (P-score=-log 10 (P-value)) according to the fit of the set of supplied genes and a list of biological functions stored in the IPKB. The score takes into account the number of genes in the network and the size of the network to approximate how relevant this network is to the original list of genes and allows the networks to be prioritised for further studies. A score >3 (P<0.001)
indicates a >99.9% confidence that a gene network was not generated by chance alone. The network identified is presented as a graph indicating the molecular relationships between genes/gene products. Moreover, networks are preferentially enriched for genes with the most extensive interactions, and for which interactions are specific with the other genes in the network (rather than genes that are promiscuous, those that interact with a broad selection of genes throughout IPKB).
The functional analysis identified the biological functions and the canonical signaling pathways that were most significant to the input data set. The significance of the association between the input data set and the functions or pathways was determined based on the following parameters: (1) a ratio of the number of genes from the data set that map to the function/pathway divided by the total number of genes that map to the function/pathway; (2) a P-value calculated using Fischer's exact test determining the probability that the association between the genes in the dataset and the function/pathway is explained by chance alone; (3) predicted activation state which is computed using the direction of change of gene expression in the input dataset; and (4) -mRNAs predicted with a high confidence and/or experimentally validated targets for the differentially expressed miRNAs.
-mRNAs showing inversed expression respect to their putative targeting miRNA (up-regulation of miRNA and down-regulation of the target mRNA, and vice versa).
Putative mRNA targets selected based on above criteria were further evaluated by IPA mRNA core analysis as described in the supplementary methods section. 
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Bow el movements, number 4.5 ± 1.8 1.3 ± 0.7 <0.01 ** 4.4 ± 1.5 1.6 ± 0.6 <0.0001 *** 3.5 ± 1.7 1.3 ± 0.5 <0.0001 *** 3.8 ± 1.6 1.5 ± 0.5 <0.001 ** 0.25 0.51
Stool form , Bristol score 6.1 ± 0.6 3.6 ± 0.7 <0.001 ** 5.9 ± 0.6 3.5 ± 0.6 <0.0001 *** 5.6 ± 1.0 3.8 ± 0.7 <0.0001 *** 5.7 ± 1.1 3.4 ± 0.6 <0.0001 ** 
